Introduction
A primary objective of a control system is to make the output of a dynamic process behave in a certain manner. This desired behaviour for the output is pursued by means of manipulations on the input of the process. Nevertheless, hard constraints such as limits on the controls or states and performance objectives prevents the accomplishment of the desired behaviour for the controlled process. The design procedure of a control system usually involves a mathematical model of the dynamic process, the plant model or nominal model. Consequently, many aspects of the real plant behaviour cannot be captured in an accurate way with the plant model leading to uncertainties. Such plant model mismatching should be characterized, albeit loosely, by means of disturbances signals and/or plant parameter variations, often characterized by probabilistic models, or unmodelled dynamics, commonly characterized in the frequency domain. Usually, high performance specifications are given in terms of the plant model. For this reason, model uncertainties characterization should be incorporated to the design procedure in order to provide a reliable control system capable to deal with the real process and to assure the fulfillment of the performance requirements. The term robustness is used to denote the ability of a control system to cope with the uncertain scenario. The performance specifications are usually given accordingly for the regulation problem or for the tracking problem. The former is to manipulate the input of the plant to counteract the effect of output disturbances. The later is to handle the input of the plant to keep the controlled variables close to the given reference signal. The key point is the way the controller generates the control signal in a suitable manner. There exist a lot of different strategies and methodologies to cope with this problem, say the controller design problem. However, any possible choice can be classified as belonging to open-loop control or closed loop control. 
Control system design requirements
It is well known that there is an intrinsic conflict between performance and robustness in the standard feedback framework, discussed in [1, 2] for a detailed analysis and discussions. It is argued that the system response to commands is an open-loop property while robustness properties are associated with the feedback. Therefore, one must make a trade off between achievable performance (in terms command tracking) and robustness (against external disturbances and model uncertainties). In this way, a high performance controller designed for a nominal model may have very little robustness against the model uncertainties and the external disturbances.
For this reason, worst-case robust control design techniques such as  H control, one degree of freedom 1-DOF control, [3, 4] , among many others have gained popularity in the last twenty years, or so. Unfortunately, it is well recognized in the robust control community that a robust controller design is usually achieved at the expense of performance.
II. Proposed Algorithm
In design procedure, First Order plus Dead Time (FOPDT) model is used. The aim is to have good set point tracking and disturbance rejection and also maximum robustness to model uncertainties. The tuning strategy is based on using analytical rules and some conceptual rules about closed loop poles and also an exhaustive search.
First-Order plus dead time (FOPDT) process model:
Deadtime (θ) is the time delay between the process and the sensor. Deadtime exists because no measurement or response to a process can be truly instantaneous. Although all systems have some degree of deadtime, too much deadtime can lead to problems with system response. If the deadtime is not appropriately accounted for, the lag in data readings can have detrimental effects on the implementation of control. The first-order plus dead time (FOPDT) model can be used to approximate higher order processes. FOPDT models are better at approximating industrial processes than other dynamic models. 
where P  and P  are FOPDT parameters given by, 7 . If the slope approaches zero over time or reaches a steady-state value, then the system is considered to be stable. If the slope oscillates then the system is unstable. Instability prevents the determination of the process lag time, gain, and time constant.
All first order systems will display similar behaviour. The need to approximate dead time is characterized by a delay between t=0 and when the system begins to display first-order behaviour. In reality, nearly all processes will have some amount of deadtime. Finally the process lag time, gain, and time constant can be determined.
Determining lag time
1. Draw a line tangent to the response at the inflection point 2. Extend the line to the original set point (y-value). The x-value at the intersection of these values is the lag time (deadtime). 
Determining process gain
The process gain is defined by the change in process output divided by the magnitude of the set point change. This method can be used to calculate the process gain of both first order and FOPDT systems using the relation u y K p    (Error! No text of specified style in document..6) 2.2.5 Determining the process time constant
The process time constant (τ p ) describes how long a system takes to approach a new steady-state value. The following methodology can be used to determine the τ p given a set of data. (i) Use the first-order dynamics equation in the time domain to find specific ratios of t to τ p .
(ii) When t= τ p , 63.2% of the total change in output has occurred. When t= 2*τ p , 86.4% of the total change in output is reached, and when t= 3*τ p , 95% of the total change has been obtained. 
Control Requirements
The design objective is to tune the controller parameters to achieve three main goals: (i)Good disturbance rejection.
(ii)Good set point response.
(iii)Robustness to model uncertainties in FOPDT model.
Load disturbances in process control are low frequency signals added to control signal at the process input and drive the system away from its desired operating point. Good load disturbance rejection is achieved through minimizing the integrated absolute error (IAE) criterion for a step signal in disturbance input [41] The second goal is to have a good set point tracking. These two goals are in conflict and good design for disturbance rejection may result bad set-point tracking. Using set point weighting in 2DOF structure solves this problem. In model based methods, the controller parameters typically are obtained from the model of process. Due to model uncertainties, the controller parameters should be tuned in a way that minimum sensitivity to these uncertainties is achieved. The robustness criterion is given as: 
Designing approach
In this section, the design procedure is described. The tuning procedure has two main steps. In the first step, two new design parameters are defined and these parameters are related to the controller parameters. In the next step the optimal values of these two parameters are obtained. Consider two types of processes, stable processes and integrating processes.
Stable processes
First, only closed loop response )) ( ( t y CLD on step input disturbance (d=1 and r=0) is considered. To obtain parameter b, it is supposed that pole-zero cancellation is occurred and the slow mode is eliminated.
This pole-zero cancellation yields to fast response so the parameter b can be calculated as
Integrating processes
Integrating processes can be considered as a typical FOPDT with a very large time constant, The process transfer function is given by 
Second step
The main idea that is used here is determination of parameter b. This parameter has direct effect on the resulting controller so it should be chosen such that the closed loop performance is satisfied and the designed controller is physically realizable. To choose parameter c T , some important points should be considered: The system has one real and two complex poles on the LHP of s plane. The real pole contributes in the decay of the response while the imaginary pole contributes for the oscillations in the system. Thus the complex pole will contribute to both decay and oscillations. The transfer function of the plant is Figure Error! No text of specified style in document.. 8 Step response for the oscillating system
The step response of the system comes out to satisfactory and it provides excellent disturbance rejection properties which is acting on the system after 50 seconds.
In this chapter, the design approaches for 2-DOF controller structure has been used for controller design taking example 4.1.1.The 2-DOF controller configuration facilitates achievement of time domain and frequency domain responses independently.
III. Conclusion
In this work a new tuning approach for 2-DOF PI controller based on FOPDT model of process has been proposed. The design problem considers three essential requirements of control problem. These requirements are load disturbance rejection, set point regulation and robustness to model uncertainties. The main advantage of proposed method is its simplicity and analytic equations for controller parameters. The simulation results show that, over all, the proposed tuning method can effectively satisfy conflicting design requirements.
